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Editor L. Montanet

Using the CLEO II detector at CESR we observe 500 A¢* pairs consistent with the semileptonic decay A} — A¢+y,
We measure g(ete™ — AFX) B(AY — A¢ty)) = 477+0254 066 pb Combining with the charm semileptonic
width and the Iifetime of the 4. we also obtain B(A} — pK~—zn*) We find no evidence for A¢*y; final states in

which there are additional A} decay products We measure the decay asymmetry parameter of AY — Ae* v, to be
= -0 89+0 17 +009
A = —011 =005

Charm semileptonic decays allow an absolute mea- A — pmn as a polarization analyzer to measure the
surement of the heavy quark decay form factors be- decay asymmetry in A} — Ae*t v,
cause the Cabibbo-Kobayashi-Maskawa (CKM ) ma- The data sample used 1n this study contains some
trix element Vs 1s known from unitarity In the spec- 2 million e*e~ — ¢ events collected with the CLEO
tator model, A-type baryon semileptonic decays are II detector [4] at the Cornell Electron Storage Ring
simpler than charm meson semileptonic decays In the (CESR) The 1ntegrated luminosity consists of 1 1
meson case, either a K™ or a K 1s produced depending fb~! taken at the Y(4S) resonance and 0 5 fb~! taken
on whether the quark spins are parallel or anti-parallel just below the BB threshold
Conversely, the A, spin 1s carried by the ¢ quark, We search for the decay A5 — A¢*y; by detect-
since the (#d) combination 1s spin and 1s0spin zero, ing a A¢* (right sign) pair with invariant mass in the
so that only a 4 1s formed when the ¢ quark decays range mq < ma < ma, ¥ A background source of
The stmplicity of A-type semileptonic decays allows right sign A¢ pairs 1s the semileptonic decay of the
for more reliable predictions, within the framework of heavier charm baryons 20, 5F, and Q0 Secondary
Heavy Quark Effective Theory (HQET) [1], concern- background sources that can produce both right and
ing heavy quark to light quark transitions [2,3] than wrong sign A¢ pairs are the continuum production of
1s the case for mesons In addition, as the A, semilep- A’s not associated with charm baryons, denoted by
tonic decay branching ratio can be reliably predicted “c¢ ™, and B decays at the Y(4S), denoted by “BB”
from the known inclusive charm semileptonic width The majonity of A4~ (wrong sign) pairs will be pro-
and the A, lifetime, a measurement of g(ete™ — duced either from e*e~ — A A, where one A, decays
AFX) B(A}r — AL*y;) provides an absolute nor- to a A and the other decays semileptonically or from
malization for all A. decays ete™ — A.M.N where M. 1s a charm meson that de-

In this paper we report a measurement of cays semileptonically In both of these cases the A¢ in-
clete™ = AXX) B(AFr — A¢*v)) From this we variant mass will often satisfy m4, > m,, The wrong

obtain B(A} — pK~=n*) Finally, we use the decay

#1 Throughout this paper charge conjugate modes are 1m-
! Permanent address INP, Novosibirsk, Russia plicitly included
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sign sample 1s used to normalize our Monte Carlo
(MC) simulation of secondary background sources

We search each event for a A4/ combination All
tracks are required to come from the region of the
event vertex Electrons are identified using a likeli-
hood function which incorporates information from
the calorimeter and d£/dx systems, and muons are
identified by theiwr ability to penetrate an iron ab-
sorber and reach detection planes at a depth of at least
five nuclear absorption lengths [4] The minimum al-
lowed momentum 1s 0 7 GeV/c for electrons and 1 4
GeV/c for muons Leptons are required to have been
detected 1n the so-called barrel region, 1¢ |cosf| <
0 71, where 6 1s the angle of the lepton momentum
with the beam line To reduce the background from
B decays, we require R, = H,/Hy > 0 2 where H, are
Fox-Wolfram event shape variables [5]

The A 1s reconstructed through its decay to pn We
rexquine the point of intersection of the two charged
tracks, measured 1n the 7—¢ plane, to be greater than
0 5 ¢cm away from the primary vertex In addition,
we require the sum of the p and 7z momentum vec-
tors to extrapolate back to the beamline The dE/dx
measurement of the proton 1s required to be consis-
tent with the expected value We reject combinations
which satisfy interpretation as a K0 Finally, we re-
quire the momentum of the pz pair to be greater than
0 8 GeV/c n order to reduce background from sec-
ondary sources

These A candidates are then combined with lep-
tons, and the sum of 4 and ¢ momentum, p 4, 1S re-
quired to be greater than 1 4 GeV /¢ Thuis cut reduces
our dependence on the shape of the A, fragmentation
function at low momentum, which 1s poorly known
The nvartant mass of the A¢ pair 1s required to sat-
1sfy 1 3 < my < 23 GeV/c? To determine the num-
ber of events 1n the signal region we fit the px invari-
ant mass distribution with a function consisting of a
Gaussian, whose width 1s determined by a MC simu-
lation, and a polynomial background The fits for the
electron and muon samples, in both right sign and
wrong sign combinations, are shown in fig 1 and the
results of the fits are given 1n table 1

In addition to background from the sources out-
lined above, A¢ pairs are also produced by combining
real leptons with fake A’s and fake leptons with real
A’s. The first of these 1s already taken into account
by fitting to the A mass to determine the yield Care
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Fig | The pr invariant mass for right sign and wrong sign
combinations satisfying the cuts described 1n the text, (a)
right sign electrons, (b) right sign muons, (¢) wrong sign
electrons, (d) wrong sign muons

must be taken 1n calculating the wrong sign fake back-
ground because antiprotons are particularly likely to
be musidentified as electrons and because they are pro-
duced copiously 1n association with A’s due to baryon
conservation In order to take into account the differ-
ent fake rates of protons and antiprotons compared
to kaons and pions, we multiply the number of tracks,
which are not positively identified as lepton tracks,
by the the fake probabilities weighted by the particle
population given by the LUND model** for contin-
uum events containing a A We fit the p 7 invariant
mass distribution to determine the number of fake
lepton with real 4 combinations The results are given
in table 1 for both right and wrong sign combinations

The MC was used to ¢stimate the number of real,
rnight and wrong sign A¢ combinations produced by
secondary sources satisfying our selection criteria. To
test our MC, we predict the number of wrong sign
events both 1n the signal region and for my > 23
GeV/c? When the number of wrong sign, fake lepton
events 1s subtracted from the number of wrong sign
events, the MC prediction 1s 1n good agreement with
the data over the whole mass range We therefore have
confidence tn the MC predictions for the right sign
secondary sources The predicted number of events
for the electron channel are 10 2 + 10 2 for BB and

#2 The version JETSET 6 3 of the LUND Monte Carlo is
used
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Table 1
Signals and backgrounds

PHYSICS LETTERS B

10 March 1994

Mode Electrons Muons

N 44+ (night) 510 + 25 110+ 11

fakes (right) 83+ 25 13£4

Z, feeddown 77 £ 24 19+ 6

corrected yield 350+ 25+ 28 78+ 11£7
efficiency (all xp) (%) 4444007 1094004

o B(A. — Al*vy;) (pb) 487+028+069 443+£051+064
N4,- (wrong) 109 + 14 7+5

fakes (wrong) 90 £ 27 21+6

60

401

Events/100 MeV/c?

201

4
Invariant moss of (Ae*) (Gev/c?)

Fig 2 Invariant Ae* mass for right sign combinations
The points with error bars are data after subtraction of
the contribution of fake lambdas estimated using the pr
invariant mass sidebands the dashed line shows the sum of
the backgrounds described in the text The dotted line shows
the Monte Carlo prediction for A — Ae*trv; normahzed
to the date after subtraction of the backgrounds The solid
line shows the sum of the Monte Carlo prediction and the
backgrounds

21 6421 6 for c¢ The large errors account for model
uncertainty.

In fig 2, we show the right sign m,, distribution
after 4 sideband subtraction **, Agreement between
the data and MC 1s good However, there 1s a slight
excess of events 1n the data at low mass There would
be a low mass excess if there are contributions other
than A} — A¢*wv; Such decays would have a lower
efficiency, and would lead to an underestimation of
¢ B We have made an extensive search for possible

#3 The A signal region 1s definedas 1 1128 < m, < 1 1188
GeV/c?2 The A sideband regions are 1 1070 < m, <
1 1100 GeV/c2 and 1 1220 < m, < 1 1250 GeV/c?

222

decays of the type AF — AXe*tv., where X repre-
sents additional decay products We only search for
the lowest lying excited baryons because our effi-
ciency for reconstructing semileptonic decays involv-
ing heavier baryons 1s very small The decay modes
we examine are
- Ay - Aety, A — 200 with £ — Ay,
where A* = A(1405), A(1520), A(1600), A(1670),
A(1690),
- AY — X*Xetv.,, Z* — Am, where X* =
X+(1385), T*(1660), X°(1385), Z°(1660),
—AF = ZXe* v, 0 - Ayand AF — A(nn)’e* v,

In addition to the selection criteria previously de-
scribed, we select photon candidates from showers 1n
the calorimeter that have a mimmimum energy of 40
MeV, are not matched to a charged-particle track from
the dnift chamber, and have a lateral energy distribu-
tion consistent with that expected for photons Neu-
tral pron candidates are selected from pairs of pho-
tons with at least one photon 1n the barrel portion of
the calorimeter We also require the two photon mass
to be within 3 standard deviations of the known pion
mass All selected candidates are kinematically fitted
to the #° mass

We observe no events of the type A7 — AX{%y,
The results of all the searches are given in table 2
Combining the results, we find the number of events
attributable to A7 — AX¢ %y 1s less than 15% of the
signal events at 90% confidence level

Our MC simulation found that, for the selection
cniteria used 1n this analysis, the efficiency of recon-
structing the Z° and =} modes 1s about 35% of that
for AY — A¢*y; Using the relative efficiency and
measurement of ¢ B for the semileptonic decay of =
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Table 2
Upper himits for decays of the type A} — AX/{y,

PHYSICS LETTERS B
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Modes Events Efficiency @ Upper hmit?) at 90% CL
0 Ay 00+ 89 046 66 %
T+ (1385) = An+t 0001 07 009%
Y+ (1660) — An+t 00+01 07 0 09%
20(1385) — AnO 00+01 03 01 %
20(1660) — An® 00£05 03 05 %
(Arnt =)t tuy 324+38 05 36 %
(Ar* 1)1 5200 Ty 04+68 05 45 %

a) The efficiencies and upper limits given are relative to that for A} — Ay,

and the measured ratio of ifetimes 7 (=" )/t (Z?) [6],
we obtain the background given in table 1 (We do
not include a contribution from 22 semileptonic de-
cays because they have never been observed, and the
production cross section for the 20 1s expected to be
small )

The efficiencies given in table 1 are obtained by MC
simulation and include B(A4 — pn) We obtain the
yield given 1n table 1 by subtracting the fake contri-
bution and the 0 and =7 feedthrough background
from the number of right sign events The statistical
error 1n the yield 1s calculated from the number of
right sign events The efficiency-corrected yield and
integrated luminosity £ are used to obtain the ¢ B
given 1n table 1

As the BB and ¢t backgrounds are small and model
dependent, we choose not to subtract them but 1n-
stead to incorporate them into the systematic error
The largest experimental source of the systematic er-
rorin ¢ B 1sthe uncertainty in the fake rates (7%) We
have investigated model dependence by varying the
fragmentation function (5%) and by taking the differ-
ence (6%) in calculated efficiencies from the HQET
Korner-Kramer (KK) model [3] (which 1s the effi-
ciency used for the result) and a semileptonic decay
model producing A’s with no net polarization (model
A) An additional systematic error of 7% comes from
the possible contribution of A} decays other than
A — Aty

Our results are

g B(A} — Aetre) = (487+£028+069) pb,

g B(A}Y —» Autvy) = (443 +£051+064) pb

As the two results are statistically independent, we
form the weighted average

o B=(477£025+066) pb

Our result, which 1s 1n agreement with a measurement
from ARGUS [7], 1s the most precise measurement
of this quantity to date

At present, all 4. branching ratios are normalized
to B(A, — pKn), Bykz, the measurements of which
are model dependent and vary by a factor of two [8]
We can determine Bk, from our measurement of
o B As semileptonic decay proceeds only via the
emussion of a virtual ¥ from the heavy quark, the
semileptonic width of all charmed hadrons should be
equal This 1s well established for the D* and D° [9],
where I'?* = (161 +018) = 10"s™! and I??° =
(1 83£029)x10" s~! Thisequality should also hold
for the A,, assuming no new process gives rise to lep-
tons 1n baryonic weak decay Therefore, we can pre-
dict the inclusive semileptonic branching ratio, Bex,
to be

Bix = B(AY — e X) = (Iy)ta, = (34£04)%,

where we have used the weighted average of the
semileptonic widths for D° and D* and the average
Iifetime of .1, [10] There exists no theoretical rela-
tionship between B (AY — AX¢*y) and Byx Also,
1t 1s probable that there are semileptonic decays of
the 4. which do not include a A, such as A —
Stan~t*y, A — pK~ ¢ty as well as Cabibbo
suppressed decays like A4 — nf*y, We therefore
expect [ = B(AS — A¢*Ty) /By < 1

We use the experimentally determined A, frag-
mentation function 1n the MC simulation For x, >

223



Volume 323, number 2

0.5"*, the weighted average of the muon and elec-
tron samples 1s ¢ B = (338 +£ 018 +£047) pb
Combining this result with the CLEO measurement
of o(ete™ — AYX) B(A} — pK—rnt) [11] gaves
R=0 Bpks/o B =193+010+0 33, which 1s in-
dependent of the details of A, production Therefore

Bykn = f RBix = f (667+035+£135)%

Thuis result does not exclude any of the previous mea-
surements of B,k, but places a reliable upper bound
on this important but poorly determined quantity and
thereby provides an absolute scale for all A, branch-
ing ratios

In the spectator model the quantity that corre-
sponds to f 1n the charmed meson sector 1s ' (D —
(K* + KYv)/T'(D — £X) = 089+012 [12]
Using this value, our result 1s compatible with the
CLEO and ARGUS determination of By, from B
decay at the 7'(4S) [8]

In semileptonic baryon decay 1t 1s possible to
construct six invariant hadronic amplitudes, each
of which 1s a function of ¢? (the mass squared of
the virtual W), from the spins and momenta of the
mnitial and final state baryons In the framework of
HQET, the heavy flavor and spin symmetries imply
relations among these amplitudes resulting 1n only
one universal form factor when the final state also
includes a heavy quark If the final state contains
only light quarks, as in 4. decay, then 1t can be
shown that two independent form factors, f; and f;,
are required For any heavy A-type baryon decays,
HQET predicts G4 = -Gy [2,3], where Gy 1s the
vector coupling and G4 1s the axial vector coupling
of the hadronic current The physical consequence 1s
that the daughter baryon will be emitted with 100%
negative polarization at g> = 0 The physical observ-
able 1s the angle, @/, between the momentum vector
of the proton (or pion) in the 4 rest frame and the
A momentum 1n the A, rest frame One finds

dI’

—_—x | ¢ cos @
dg? dcos ©4 x 1+ s 4

where a4, (@) 1s the decay asymmetry parameter of
the A, (A4) and a4 = 0 64 [9]

#4 = 4 = 2 2
Here xp = p/pmax where pmax = Ebeam ~ My,

224
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The g%-dependence of a4, depends on the details
of the form factor structure If the two form factors
are assumed to have the same g*> dependence, then
a4, depends only on the ratio of the form factors,
r = f>/f1. which 1s expected to be less than unity.
Over most of the ¢? range a4, 18 less than —0.5 for
reasonable values of r and 15 exactly —1 at g = 0
for all + [3] Including terms of order (1/m.) 1n the
HQET expansion leads to a small departure from — 1
at ¢* = 0 [13]

We have shown that the 44+ signal events are pre-
domunantly A} — A¢*y; We use only Ae events to
measure the asymmetry as the muon sample 1s very
small

Measuring cos @, requires knowledge of the 4. mo-
mentum but this 1s unknown because the neutrino 1s
unobserved We estimate the direction of the A, from
the thrust axis of the event. The magnitude of the
A, momentum 1s then obtained by solving the equa-
tion P4 = (P4 + P, + P,,)* The two solutions cor-
respond physically to the undetermined longitudinal
momentum of the neutrino If the direction of the A,
was known exactly, one of the two solutions would
have a value equal to the true magnitude of the A.
momentum As the thrust axis 1s only an approxima-
tion to the true A, direction, neither solution corre-
sponds to the true 4, momentum, We therefore de-
termine the best solution by MC simulation We gen-
erate events according to the KK model for five val-
ues of r over the theoretically expected range —0 5 <
r<05(-097 < ay, < —061) The results of our
simulation are

(1) In about half of the events, the thrust axis 1s
not well aligned with the true 4, direction resulting in
two non-physical solutions In this case the direction
of the thrust vector 1s varnied until a physical solution
results

(11) There 1s one physical solution 1n about 10% of
the cases

(m) When there are two physical solutions, the
higher (lower) momentum solution systematically
over-estimates (under-estimates) the 4, momentum
by similar amounts In consequence, a measurement
of cos @, which chooses the higher (lower) solution
systematically under-estimates (over-estimates) the
A polanzation We find that the best estimate of the
A, momentum 1s obtained from the weighted average
of the two solutions, where the weights are given by
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the measured 4, fragmentation function [11]
Using this method for estimating the 4, momentum,
the resulting a4, 1s consistent with the input value The
resolution 1n cos @4 1s 0 2, independent of the original
number of the solutions for the 4, momentum, so we
separate the data into four cos @, bins

We calculate the 4, momentum for the data exactly
as for the MC We determine the yield in each cos ©
bin by fitting the pzr 1nvarant mass spectra shown in
fig 3 We compute the fake lepton background as a
function of cos @, using the same procedure described
above and subtract the fake background from each
bin

The efficiency as a function of cos @4 1s flat except
for a small decrease towards cos @4 = +1 This bin
corresponds to a backward soft pion which 1s difficult
to detect 1n the dnft chamber We use the KK model
with r = ~0 25 to calculate the efficiency in each
cos @, bin The efficiency corrected cos @, distribu-
tion 1s shown in fig 4 Wefind s, = —0 89*5 1] +9052,
where the first error 1s the error returned from the fit
and the second error 15 the systematic error

We have examined five sources of systematic error
in the determination of 4. the effect of using the
thrust axis as the A, direction, modelling of the de-
tector efficiency as a function of cos &, model de-
pendence, the fitting method, and the presence of
22, EF, and 20 decays or decays other than A} —
A¢*y; We discuss each of these sources below

We do not find any evidence in the MC for a shift
between the nput and reconstructed values of .y,
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Fig 4 dN/dcos®, with efficiency correction and back-
ground subtraction

for the KK model using five different values of r
Therefore we do not assign a systematic error due to
the methods of estimating the 4. momentum

To allow for errors in efficiency modelling as a func-
tion of cos @4, we repeat our analysis by varying the
efficiency according to our understanding of the de-
tector performance We ascribe a systematic error of
—0 04 from this source

To estimate the KK model dependence, we repeat
the analysis using the efficiency computed for five val-
ues of r satisfying —0 5< r <0 5 The spread in values
of a4, 15 described by a systematic error of (;901)
In order to determine the overall model dependence
of our result, we repeat the analysis using model A
We find a result which 1s larger by 0 17 and take half
of this difference as the systematic error arising from
this source

We treat the final two systematic errors simultane-
ously To allow for the presence of 50, =, and Q0
decays and A} decays other than A} — A¢%y 1n
the asymmetry distribution, we add various polyno-
mial background functions to the fit The area of the
polynomuial 1s constrained to that expected from this
work and reference [6] Following this procedure the
result of the fit does not change so we do not ascribe
a systematic error to this source The result varies by
0 01 using different fitting methods This variation 1s
taken as the systematic error

Our result 1s consistent with the HQET KK model
The average value of the efficiency corrected ¢ dis-
tribution of the data 1s 0 7 (GcV/c)2 Since we ex-
pect «q, to decrease as a function of g% as ¢* — 0,
our result imphes that a4, 1s close to —1 at ¢*> = 0 1n
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agreement with the prediction of HQET

We have measured the cross section times branch-
g rat1o for the semileptonic decay modes of the A.
thatincludea 4 Wefindo(ete™ — AFX) B(AF —
Aetv,) = 487+ 028 +£069 pb and o(ete” —
AFX) B(AF — Autv,) = 443 +£051 £ 064 pb.
The combined result 1s o (ete™ — AFX) B(A} —
Aety) = 477 +£0.25 4+ 066 pb Our result 15 the
most precise measurement of this quantity to date
We find the number of events attributable to decays
of the type A}Y — AX£%y, 15 less than 15% of the
signal events at 90% confidence level Combining our
result for ¢ B with the charm semileptonic width
and the lifetime of the A, gives B(AS — pK " nt) =
S (667+035+1 35)%, where f represents the un-
known fraction of AF — A¢* v, to the total semilep-
tonic rate

A large negative polarization of the A in the de-
cay A — Ae*tve of ay, = —0891317 +092 has been
observed This 1s the first observation of parnity vio-
lation 1n a semileptonic charmed baryon decay The
sign of this polanzation arises from the fact that the
hadronic current 1s V-A Our result 1s consistent with
the prediction of the HQET KK model Assuming
factorization, one can relate a,, for A — Ae*v. at
q* = m2 to a,, 1n the decay A. — An determined
by CLEO [14] and ARGUS [15] Our findings are
consistent with the factorization ansatz
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